The objective was to analyze the short-and long-term results of patients with previous tricuspid valve repair who had valve dysfunction and required cardiac reoperations. Between 1976 and 2002, 74 patients with a mean age of 53.8 Ϯ 12.2 years underwent valve reoperations for dysfunction of previous tricuspid valve repair. Mitral and tricuspid lesions were diagnosed in 40 patients (54%), triple valve disease (mitral, aortic, tricuspid) was diagnosed in 26 patients (35.1%), isolated tricuspid disease was diagnosed in 6 patients (8.1%), and aortic and tricuspid lesions were diagnosed in 2 patients (2.7%). Reoperations included tricuspid valve replacement in 43 patients (58.1%) and a new tricuspid valve repair procedure in the remaining 31 patients (41.9%).
T
he current health care level in Spain is comparable to that of other advanced industrial countries, but the eradication of rheumatic fever is a recent occurrence. Therefore, left-sided valvular lesions and dysfunctional tricuspid valves still have been diagnosed and treated with modern technologies in a substantial number of patients. 1, 2 It is well known that tricuspid disease associated with mitral or mitro-aortic valvular lesions may result in poor early and late functional results. 3, 4 On the other hand, mortality after prosthetic valve replacement is higher than after tricuspid valve annuloplasty. 5, 6 Little is known about the natural history of patients with polyvalvular disease and tricuspid involvement undergoing tricuspid valve repair (annuloplasty and/or commissurotomy) who require reoperation for significant tricuspid dysfunction. On the other hand, patients undergoing reoperation for tricuspid valve dysfunction have scarcely been analyzed, and data of these cases are mostly included in the general series of reoperations for valvular surgery. [7] [8] [9] This finding prompted us to review our experience with reoperations after tricuspid valve repair and to determine those factors that influence early and late results.
Methods
Between 1976 and 2002, 74 patients aged 53.77 Ϯ 12.19 years (range 23-74 years) underwent reoperation for tricuspid valve dysfunction of a previous tricuspid valve repair. There were 11 male patients and 63 female patients. Forty-six patients underwent reoperation between 1976 and 1990, and the remaining 28 patients underwent reoperation between 1991 and 2002. The reason to divide the study period into 2 groups was related to the observation of statistically significant differences in late mortality between patients who underwent an operation before 1991 and after 1991. The mean interval between reoperation and the first tricuspid valve repair was 8.2 Ϯ 4.35 years. Forty-two patients (56.8%) were in New York Heart Association (NYHA) functional class III, and 32 patients (43.2%) were in NYHA class IV. Main preoperative risk factors included pulmonary hypertension in 62 patients (83.8%), history of thromboembolic disease in 15 patients (20.3%), and renal insufficiency in 4 patients (5.4%). On the other hand, physical signs of congestive heart failure (ascites, hepatomegaly, peripheral edemas, and/or distention of the jugular veins) were moderate in 28 patients (37.8%) and severe in 12 patients (15.4%).
All patients had undergone the operation with extracorporeal circulation, and tricuspid valve operation was performed after surgical treatment of the mitral or aortic valve. Previous valve operations included annuloplasty with a Duran flexible ring in 27 patients (36.5%), De Vega's annuloplasty in 8 patients (10.8%), segmental annuloplasty in 10 patients (13.5%), annuloplasty with a Duran flexible ring and tricuspid commissurotomy in 24 patients (34.5%), and other repair procedures in 5 patients (6.8%). Patients with mitral lesions (n ϭ 74) underwent mitral valve repair (n ϭ 28, 37.8%) or prosthetic valve replacement (n ϭ 46, 62.2%). Patients with aortic lesions (n ϭ 24) underwent aortic valve repair (n ϭ 6, 8.1%) or prosthetic valve replacement (n ϭ 8, 24.3%). The cause was rheumatic heart disease in 66 patients (89.2%) and degenerative disease in 8 patients (10.8%). There were 47 patients (63.5%) with organic tricuspid lesions and 27 patients (36.5%) with functional tricuspid disease. Sixty-four patients had complete arrhythmia caused by atrial fibrillation, and 10 patients were in sinus rhythm.
All patients were investigated preoperatively by means of echocardiography of different modes according to the year of the study, in association with hemodynamic studies in 35 patients (47.3%), particularly in those undergoing operation during the initial years of the study. Tricuspid regurgitation was graded on a scale of 1ϩ to 4ϩ. Hemodynamic data are given in Table 1 .
After completion of echocardiographic and hemodynamic studies, mitral and tricuspid lesions were diagnosed in 40 patients (54.1%), triple valve disease was diagnosed in 26 patients (35.1%), isolated tricuspid disease was diagnosed in 6 patients (2.7%), and aortic and tricuspid lesions were diagnosed in 2 patients (2.7%). Tricuspid insufficiency was considered to be present in 60 patients (81.1%), a double tricuspid lesion (stenosis and insufficiency) was present in 9 patients (12.2%), and pure tricuspid stenosis was present in the remaining 5 patients (6.8%). Grades of tricuspid regurgitation were 3ϩ in 16 patients and 4ϩ in 44 patients. Reoperation was indicated because of progression of valve disease in 25 patients (33.8%), early failure of tricuspid valve repair in 11 patients (14.9%), prosthetic dysfunction in 24 patients (32.5), prosthetic endocarditis in 4 patients (5.4%), and dehiscence of a prosthesis in 10 patients (13.5%).
Reoperations were performed through a median sternotomy with extracorporeal circulation. Forty-three patients (58.1%) underwent prosthetic tricuspid valve replacement (mechanical prosthesis in 18 and bioprosthesis in 25). Repair of the tricuspid valve was performed in 31 patients. Types of repairs were as follows: flexible ring annuloplasty in 6 patients, a new De Vega's or segmental annuloplasty on a previous suture annuloplasty in 10 patients, resuture of the flexible ring in 7 patients, removal of the flexible ring because of stenosis in 3 patients, Wooler-Reed annuloplasty at the posterior leaflet in 2 patients, closure of the anteroposterior commissurotomy in 1 patient (this patient had a previous commissurotomy), transverse section of a stenotic flexible ring in 1 patient, and suture of the anteroseptal commissure in 1 patient (this patient had a previous commissurotomy).
Follow-up
The follow-up data for this study were procured in a 5-month period (November 2003 to March 2004). The patients were followed through visits in our outpatient clinic (n ϭ 29), direct contact at home (n ϭ 10), or direct contact with their cardiologists (n ϭ 6). When follow-up was not possible, information on vital status (alive or death) was obtained through the Social Security database (n ϭ 4). Follow-up was 100% complete, with a mean follow-up of 14.2 years (range 4 months to 26 years).
Statistical Methods
The Patient Analysis and Tracking System database, version 06.02.03 (Dendrite Clinical System, Inc, Portland, Ore) was used. Values are expressed as mean Ϯ SD. The Student t test was used for the comparison of quantitative variables. Factors influencing intrahospital mortality (ie, death before 30 days after surgery) were analyzed using multiple logistic regression; its results are expressed as odds ratios. Survival curves were obtained by actuarial method. Proportional hazards regression (Cox) was used to study the influence of covariates on mortality and reoperation; we present its results as hazard ratios. Multivariate analysis was performed with the Stata Intercooled, release 6 (Stata Corporation, College Station, Tex) computer program.
Results

Postoperative Complications
Severe postoperative complications developed in 48 patients (64.9%). Thirteen patients (17.6%) required an early ACD reoperation because of postoperative hemorrhage in 6, sternal dehiscence in 4, mediastinitis in 2, and epicardial pacemaker implantation in 1. Infection of the sternotomy occurred in 4 patients, and another patient presented with a catheter-related sepsis. Six patients (8.1%) had an ischemic stroke. Four of these patients were discharged without neurologic deficit, and 2 patients had functional sequelae. Respiratory complications developed in 10 patients (13.5%); these patients required assisted ventilation for more than 5 days. Renal insufficiency was diagnosed in 20 patients (27%), 6 of whom were treated with dialysis.
Hospital Mortality
The hospital mortality (30-day or within first admission) was 33.8% (25 patients).
Causes of death were cardiac in 64% of cases, infection in 8%, neurologic in 8%, renal failure in 8%, and bleeding in 12%. Univariate analysis identified the grade of tricuspid regurgitation, indication of reoperation, use of balloon counterpulsation, and severe postoperative complications as significant predictors of hospital mortality. The mean grade of tricuspid regurgitation was 3.60 Ϯ 0.63 in deceased patients and 3.36 Ϯ 0.48 in survivors (P ϭ .002). The mortality was 16.7% in patients in whom the reason of reoperation was failure of a bioprosthesis and 42% for all other indications (P ϭ .033). The use of balloon counterpulsation had a significantly higher mortality (73.3% vs 23.7%, P Ͻ .005) as well as the presence of severe postoperative complications (45.8% vs 11.1%, P Ͻ .005).
With the multiple regression model, body mass index (BMI) less than 20 kg/m 2 and greater than 24 kg/m 2 , triple valve disease, use of intra-aortic balloon counterpulsation, and severe postoperative complications were statistically significant risk factors for hospital mortality ( Table 2 ). The area under the receiver operating characteristics curve was 0.8540.
Late Deaths
There were 30 late deaths among 49 perioperative survivors (late mortality 40.5%). Causes of death were successive reoperations in 5 patients, valve related in 9 patients, endstage heart failure in 11 patients, and unknown in 5 patients. The actuarial survival was 11.8% Ϯ 4.9% at 26 years ( Figure 1 ). In the univariate analysis, operation before 1991 and indication of reoperation were significant predictors of late death. Mortality was 75% in patients who underwent operation before 1991 and 35% in those who underwent operation after 1991 (P ϭ .008). Mortality was 100% in operations performed for early failure of tricuspid valve repair compared with 70.6% in operations performed for failure of a bioprosthesis and 46.2% in operations performed for progression of the disease (P ϭ .049). There were no significant differences between patients with and without pulmonary hypertension, that is, preoperative values of pulmonary artery systolic pressure had no effect on either early or late clinical outcome.
In the multivariate analysis, operation performed before 1991, BMI less than 20 kg/m 2 , and early failure of valve repair as the indication for reoperation were significant risk factors for late death (Table 2) .
Overall Mortality
Overall mortality was 74.3%, with 19 survivors (25.7%). Risk factors for death in patients undergoing tricuspid valve reoperation included operation performed before 1991 (86.7% vs 55.2%, P Ͻ .005); use of an intra-aortic balloon counterpulsation (100% vs 67.8%, P ϭ .011); early failure of tricuspid valve repair compared with other causes (100% vs 70.3%, P ϭ .047); and severe postoperative complications (85.4% vs 55.6%, P Ͻ .005). In the multivariate analysis, risk factors for overall mortality were operation performed before 1991, BMI less than 20 kg/m 2 , use of balloon counterpulsation, and early failure of valve repair (Table 2) . Hospital mortality and late mortality were 41.8% and 39.5%, respectively, for patients undergoing prosthetic valve replacement. The corresponding figures for patients undergoing a new tricuspid valve repair were 22.6% and 41.9%, respectively.
Reoperations
Of the 49 patients who survived the reoperation, 13 required a third operation because of severe tricuspid insufficiency associated with failure of tricuspid valve repair (n ϭ 1); mitral and tricuspid dysfunction (n ϭ 1); mitral, aortic, and tricuspid dysfunction (n ϭ 2); isolated mitral dysfunction (n ϭ 4); isolated aortic dysfunction (n ϭ 1); and mitroaortic dysfunction (n ϭ 4). Indications of surgery included dysfunction of mitral and/or aortic bioprosthesis in 7 cases, prosthetic endocarditis in 1 case, and dehiscence of a prosthesis in 4 cases. In the 4 patients with a new tricuspid disease, a bioprosthesis was inserted in all of them.
Three patients (23.1%) died at reoperation, and 10 patients (76.9%) were discharged from the hospital. Six of these 10 patients underwent reoperation, 2 of whom died (33.3%).
At the follow-up closing date, 15 of the 19 survivors were in NYHA functional class I or II (78.9%), 3 survivors were in class III (15.8%), and 1 survivor was in class IV (5.3%). During the follow-up, 3 thromboembolic episodes were recorded, 5 patients had hemorrhagic episodes related to anticoagulation, and 1 patient had aortic prosthesisrelated endocarditis. The actuarial curve free from valverelated complications was 9.6% Ϯ 4.3% at 26 years ( Figure 2 ).
Discussion
Rheumatic disease has been the most common cause of tricuspid valve lesions in the past. In developed countries, eradication of rheumatic disease was followed by a decrease in the incidence of tricuspid valve lesions, with functional regurgitation remaining as the most frequent cause. Clinical and surgical management of tricuspid valve disease have evolved from conservative approaches, that is, spontaneous regression after correction of left-sided lesions, to a more interventionist care. At present, it is well known that tricuspid regurgitation grades 3ϩ and 4ϩ that are not surgically corrected or that reappear after operation are prognostic factors of poor long-term outcome. 10, 11 On the other hand, decisions concerning surgical treatment have also changed from digital examination of the valve at operation to modern preoperative diagnostic techniques of Doppler echocardiography. In our country, the eradication of rheumatic fever occurred later than in other industrialized countries, and for this reason, tricuspid valve lesions of rheumatic origin have been frequently seen in the recent past. Different studies performed in the 1970s and 1980s have established the clinical and hemodynamic criteria for surgical treatment of left-sided valvular lesions. 12, 13 More recently, Doppler echocardiography has been used to assess the severity of right-sided valvular lesions and to establish the indication of tricuspid vale repair based exclusively on echocardiographic data. 14 In our overall experience , 1080 patients underwent 1178 surgical procedures on the tricuspid valve, which included prosthetic valve replacement in 125 cases (10.6%) and a valve repair technique in the remaining 1053 cases (89.4%). The majority of survivors of tricuspid valve repair operations have an updated follow-up, some of them included in previous studies, 1, 2 and are referred to our center when a reoperation is necessary. An outstanding finding of the present study is that tricuspid valve repair can be considered a curative procedure because in more than 25 years of experience, repair operations of the tricuspid valve failed in only 7% of the patients (n ϭ 74). Probably, no other surgical valvular procedure shows this stability. This observation has also been reported by other authors. 15 In agreement with an extensive review recently published by McCarthy and associates, 16 residual tricuspid regurgitation grades 3ϩ or 4ϩ may even be acceptably tolerated by patients; on the other hand, a reoperation of the tricuspid valve is sometimes not indicated because of the high risk of poor results. In the present series of 74 patients, failure of tricuspid valve repair developed because of intrinsic dysfunction of the valve (n ϭ 6) and reappearance of left-sided disease (n ϭ 68); these accounted for 0.6% and 6.4% of all cases of tricuspid valve repair. Therefore, in defense of De Vega's and other suture annuloplasties 17, 18 it should be mentioned that an intrinsic failure of this technique is rare. 
ACD
Recently, Carrier and associates 19 reported 25 years of experience with repair of tricuspid insufficiency, with a mean freedom rate from tricuspid repair failure of 95% Ϯ 3%, 93% Ϯ 3%, and 72% Ϯ 8% at 5, 10, and 15 years, respectively, after the De Vega semicircular annuloplasty.
It is well known that coexistence of a tricuspid valve lesion with a mitral or mitro-aortic valvular disease has a worse prognosis with an increased hospital mortality and, particularly, a poor long-term outcome. 2, [20] [21] [22] In the study of Mullany and associates, 3 repair of tricuspid valve insufficiency in patients undergoing double (aortic and mitral) valve replacement was associated with an actuarial survival of 15% at 27 years, which is consistent with data reported by others. 4, 20, 21 In our experience, the actuarial survival after tricuspid valve repair is 50.5% at 12 years. 2 In agreement with other studies, 9,15 dysfunction after tricuspid valve repair requiring reoperation was associated with a high hospital mortality (33.8%) (combination of polyvalvular heart disease and reoperation). In our experience, hospital mortality after cardiac valve reoperations is greater than early mortality after native valve surgery. 23 A multivariate Cox regression analysis for overall mortality revealed that obesity (BMI Ͼ 24 kg/m 2 ), cachexia (BMI Ͻ 20 kg/m 2 ), grade of tricuspid regurgitation, use of balloon counterpulsation, and severe postoperative complications were significantly associated with fatal outcome.
Late mortality was also high. Thirty patients died during the 26-year follow-up period (40.5% of the initial series), with a linear incidence of 2.1% patients per year and an actuarial survival of 11.8% Ϯ 4.9% at 26 years. These low survival figures have also been reported by other authors, such as a 15% survival at 27 years in the study of Mullany and associates, 3 a 25% survival at 15 years in the study of McGrath and associates, 4 or a 44% survival at 12 years in the study of Kay and associates. 22 In accordance with the poor prognosis, the actuarial curve free from valve-related complications was 9.6% Ϯ 4.3% at 26 years, that is, in approximately one third of a century there are no patients with dysfunction of tricuspid valve repair requiring a reoperation who are free from valve-related problems. Of the overall series of 74 patients, only 19 patients (25.7%) survived. End-stage heart failure was the most frequent cause of late death. This observation together with other findings indicates that an associated right ventricular dysfunction and pulmonary hypertension are probably the causes of tricuspid regurgitation and that this rightsided disease is responsible for the poor clinical results obtained. In addition, reoperations performed before 1991 showed an increased risk of late and overall mortality compared with operations after 1991. This is an expected finding related to general improvement of anesthetic and surgical techniques.
In conclusion, tricuspid vale repair is a long-term stable procedure; however, valve dysfunction requiring reoperation is associated with a high early and late mortality.
